Analysis of a genomic DNA clone library of a strain from the genetic subspecies of Mycobacterium kansasii determined the existence of a repetitive insertion sequence-like element. The element is 947 bp long and is present in a minimum of 1 to 11 copies per genome. Similar to insertion sequences, it contains a 3-bp (TAG) direct repeat at its extremities and a transcription promoter-like sequence. In addition, for one (4), and mobile genetic elements including insertion sequences (ISs) and transposons (3). The movement of mobile elements can result in chromosomal deletions, duplications, mutations, and inversions through arrangements in chromosome structure. Although these elements provide no essential function for the bacterial cell, they have been shown to promote bacterial virulence (6) and cause drug resistance (11). In mycobacteria, a number of IS elements have been described in a variety of species (1, 5, 8, 10, 12, 16, 17) . These have proven useful in the development of DNA-based typing methods for epidemiologic analysis (9) and as target sequences for the development of polymerase chain reaction (PCR)-based diagnostic tests (2, 7).
Repeated DNA sequences have been described in a wide variety of different organisms. In prokaryotes, these include the 16S and 23S rRNA operons, tRNA genes (15) , repetitive extragenic palindromic sequences (4) , and mobile genetic elements including insertion sequences (ISs) and transposons (3) . The movement of mobile elements can result in chromosomal deletions, duplications, mutations, and inversions through arrangements in chromosome structure. Although these elements provide no essential function for the bacterial cell, they have been shown to promote bacterial virulence (6) and cause drug resistance (11) . In mycobacteria, a number of IS elements have been described in a variety of species (1, 5, 8, 10, 12, 16, 17) . These have proven useful in the development of DNA-based typing methods for epidemiologic analysis (9) and as target sequences for the development of polymerase chain reaction (PCR)-based diagnostic tests (2, 7) .
Recently, a genetic subspecies of Mycobacterium kansasii was defined (13) . It was found to be distinct from typical M. kansasii strains by Southern blot hybridization patterns, differential hybridization with a species-specific probe, and the sequence of the 16S rRNA gene. In order to obtain a probe for the genetic subspecies to facilitate identification and epidemiologic analysis, we attempted to clone a repetitive DNA element from one of these strains. In this report, we describe a novel repetitive sequence from a genetic subspecies of M. kansasii (13) . This element is not present in other mycobacteria, including typical M. kansasii strains, and shares a number of features in common with IS elements, including a 3-bp direct terminal repeat. This element was evaluated as a tool for use in molecular epidemiologic and diagnostic analyses. * Southern blot hybridization. Samples containing approximately 1 ,ug of mycobacterial DNA were digested with 10 U of each restriction enzyme at 37°C for 5 h to ensure complete digestion, as specified by the manufacturer (Boehringer GmbH, Mannheim, Germany). Digested DNA samples were separated by electrophoresis through a 0.7% agarose gel at 60 V for 16 h (20-cm gel) in TBE (89 mM Tris base, 89 mM boric acid, 2 mM EDTA). The DNA fragments were transferred to nylon membranes (Boehringer GmbH) by using a vacuum transfer apparatus (Hybaid, London, United Kingdom) with a vacuum of 40 cm of H20 with an alkaline transfer buffer (0.5 M NaOH, 1.5 M NaCI). DNA was fixed to the nylon filter by baking at 120°C for 30 min, and the filter was prehybridized for 2 h at 42°C in hybridization solution containing 50% formamide, 0.1% N-lauroylsarcosine, 0.02% SDS, 200 ,ug of denatured herring sperm DNA per ml, and labelled by using the Genius nonradioactive nucleic acid labelling and detection system supplied by Boehringer GmbH. For screening of the clone library in lambda gtll, a probe for the M. kansasii subspecies was prepared from chromosomal DNA by random primed labelling with digoxigenin-dUTP according to the manufacturer's recommendations. For Southern blot hybridizations, RNA probes were prepared from cloned fragments in plasmid pT7T3 (Pharmacia, Uppsala, Sweden) by using either T3 or T7 RNA polymerase and digoxigenin-UTP according to the manufacturer's recommendations (Boehringer GmbH). PCR amplification. The primers used for amplification of 228 bp from the genome of M. kansasii 1652 were IS1 (5'-TCCTCCGTGCGCGCTGGAGC-3') and IS2 (5'-CGG ACCTGCCCATCAGCGTC-3'). DNA was amplified in a buffer supplied by the Taq Nucleotide sequence accession number. The sequence has been entered into GenBank under accession number L11041.
RESULTS
Cloning of the repeated sequence. To isolate repetitive DNA elements from M. kansasii, we established an EcoRIdigested genome clone library from the subspecies strain 1652 and screened strain 1652 with a whole genomic DNA probe. Those clones with repetitive DNA sequences were expected to yield a stronger hybridization signal than those with nonrepetitive DNA sequences because of the larger number of labelled fragments for the repetitive DNA sequences. Two clones with inserts of 1.0 and 2.4 kb were identified. These fragments were subcloned into pT7T3 to yield plasmids pKl and pK8, respectively. These inserts were labelled with digoxigenin and were hybridized to a filter containing Southern-transferred EcoRI-digested chromosomal DNA of the M. kansasii 1652 isolate. Both probes gave identical results (data not shown), and the result of probing with the pKl insert is depicted in Fig. 1 . Both probes hybridized to multiple DNA fragments in EcoRI-digested M. kansasii 1652 DNA, and the size of each insert corresponds to a band with the same molecular size as bands in EcoRIdigested M. kansasii 1652 DNA. This indicates that phages contain the same repetitive sequence which is present in multiple copies in this isolate.
Determination of the repetitive sequence. In order to characterize the repetitive DNA, the insert in plasmid pKl and part of the insert in plasmid pK8 were sequenced. The resulting comparison of the sequences of the inserts from pKl and pK8 is illustrated in Fig. 2 To confirm that the repetitive element from pKl was interrupted with an EcoRI site, PCR was performed with two primers, IS1 and IS2 (Fig. 2) , which are located at positions 81 to 100 and 814 to 833 of pKl. If the repeat is continuous, a PCR product of 228 bp should be present. After amplification of M. kansasii subspecies DNA, a 228-bp fragment was observed on ethidium bromide-stained agarose gels (Fig. 3) . This demonstrates that the EcoRI site occurs within the entire repeated sequence of 947 bp. Analysis of the presence of internal open reading frames (ORFs) indicated 10 short overlapping ORFs beginning with either AUG or GUG (Fig. 4) Distribution of the repeated sequence IS1652. To investigate the distribution of the repeated sequence among other mycobacteria, genomic DNA samples from different mycobacterial species were digested with EcoRI, transferred by Southern blotting, and probed with pK1 (Fig. 5) . Strong multiple hybridizing bands were present in DNA only from M. kansasii subspecies (13) , suggesting that this repeat is subspecies specific. Some faint bands representing M. chelonae and M. gastni were observed (Fig. 5, lanes 3 and 5,  respectively) . These bands may constitute nonspecific hybridization or could be similar elements which have diverged. PCR amplification of these species with primers IS1 and IS2 failed to result in a DNA product of 228 bp (Fig. 6) .
In a previous study in our laboratory, we defined a number of Southern blot types within the M. kansasii subspecies using the probe pTBN12 (13), which is a repetitive sequence cloned from M. tuberculosis (14) . To study the distribution of the repetitive sequence among other strains of the M. kansasii subspecies, six previously described restriction fragment length polymorphism types of the M. kansasii subspecies (13) were hybridized with the pK1 probe by Southern blotting (Fig. 7) . Each strain displayed a unique DNA banding pattern which varied from 2 to 20 copies. This is equivalent to a minimum 1 to 10 copies since the repetitive sequence has an internal EcoRI site. The variation in band intensity was due to the fact that EcoRI cuts the repetitive element asymmetrically, resulting in some bands with the 800-bp segment, whereas others may only have the 200-bp piece. To determine whether heterogeneity exists within each of these types, 9 isolates of type 1 (13) and 2 isolates of type 2 (13) were examined by Southern blot hybridization with the previously described probe pTBN12 (Fig. 8A) and pKl (Fig. 8B) . The majority of isolates from these groups defined with the probe pTBN12 were unique with respect to the pKl probe, suggesting that the sequence within this plasmid is genetically less stable than the pTBN12 repeat.
DISCUSSION
In the present study, we cloned a repetitive DNA element from a clinical isolate of the M. kansasii subspecies (13) which appears to have similarities to IS elements. IS elements are the smallest mobile elements which are capable of independent excision, integrate at numerous genomic sites in the absence of DNA sequence homology, and are independent of the host recombination system (3). They usually range in length from 800 to 2,500 bp and contain only the necessary transposase functions. Many IS elements have short inverted repeats of 8 to 32 bp near the ends of the element and 2-to 11-bp direct repeats at their 5' and 3' termini. The repetitive element described here is 947 bp long and does not possess short inverted repeats near its ends but contains a 3-bp direct repeat at its extremities. We sequenced the ends of another two clones of different sizes which contain this element and found the 3-bp repeat TAG as the last three nucleotides at both ends (data not shown). This direct repeat is characteristic of most insertion elements which are caused by a duplication of the target DNA at the point of insertion. We propose that the directly repeated TAG sequence found in our repetitive element is the site of target duplication from the cleavage of target DNA by the transposition enzyme (3) . The sequence of clone pKl indicated that two repeated elements were joined in tandem, with the 3-bp TAG sequence repeated at each junction. Such structures have been reported previously for IS elements as cointegrate formations which are due to a replicative transposition event (3) . Analysis of the potential ORFs for this element indicates the presence of 10 small overlapping ORFs of greater than 50 amino acids in length located on both DNA strands, with AUG or GUG as a putative start codon, and is consistent with previous findings for other IS elements (3).
The significance of such small ORFs is not clear, although it is possible that overlapping ORFs combine to code for a larger protein product by translational frameshifting (3). Comparison of the region near the end of the sequence with previously described IS elements revealed that a hybrid promoter-like TCGGCG sequence, with the last nucleotide changed from A to G, is located at positions 932 to 937. This structure is present near the ends of many IS elements, which are able to initiate transcription directed outward into flanking DNA (3). In summary, we showed that the repetitive element that we cloned from a genetic subspecies of M. kansasii shares many features with IS elements. Such features include the presence of a 3-bp target duplication, the finding of a potential cointegrate formation, a hybrid promoter-like sequence near the ends, and a number of small ORFs similar in size to those of many IS elements.
The distribution of the repetitive element among other mycobacterial species by Southern blot hybridization revealed that this was specific for the M. kansasii subspecies (Fig. 5) . The weak hybridization observed with M. chelonae and M. gastri could represent nonspecific hybridization or the presence of a similar yet diverged element in these species. Although it is not clear which of these possibilities is the most likely, the hybridization signal was not due to the presence of an identical sequence in these strains, as confirmed by PCR analysis (Fig. 6 ). Further analysis of restriction fragment length polymorphism types within the subspecies defined previously with probe pTBN12 revealed polymorphism within each pTBN12 type (Fig. 8) . These results are similar to those obtained in a previous study of M. tuberculosis, which determined a number of restriction fragment length polymorphism types with IS6110 as a probe that were different from those determined with pTBN12 as a probe (18) . This similarity in the relative heterogeneity of a mobile element (IS6110) to that of a nonmobile element (pTBN12) is further evidence that the element described here is potentially a mobile IS element. The finding of this IS-like element only in the subspecies of M. kansasii complements the findings for the previously described species-specific probe pMK1-9, which identifies only the typical M. kansasii isolates (13) . Identification of the subspecies will have important implications for the development of genetics-based methods of determining organism identifications to the species level, which are playing an increasingly important role in the routine mycobacteriology laboratory. By using probes that can specifically identify both groups, further studies can be undertaken to investigate the distributions and epidemiologies of these mycobacteria.
